Since the onset of the global financial crisis, the issue of bank resolution has received continued attention from policymakers and market participants alike. This report provides estimates of the costs associated with bank resolutions -both in terms of the expected costs that might arise, should a bank fail, (i.e. as "ex-post" costs), as well as the annualised cost associated with the likelihood that a solvent bank might fail (i.e. as "ex-ante" costs).
* Marianna Blix Grimaldi is Senior Analyst at the Swedish National Debt Office. At the time of writing, Jörg Hofmeister was Risk Analyst at the Swedish National Debt Office. Sebastian Schich is Principal Economist in the OECD Directorate of Financial and Enterprise Affairs. Daniel Snethlage is at the New Zealand Treasury. The authors are grateful for excellent data assistance from Oana Toader, PhD student at the Université d'Orléans. The present report was presented to the OECD's Committee on Financial Markets in October 2015 and the current version reflects the discussion at that meeting and additional comments subsequently received in writing. The article is published on the responsibility of the Secretary-General of the OECD; it was released in June 2016. The opinions expressed and arguments employed herein do not necessarily reflect the official views of the Organisation or of the governments of its member countries. This document and any map included herein are without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries and to the name of any territory, city or area.
Executive summary
Since the onset of the global financial crisis, the issue of bank resolution has received continued attention from policymakers and market participants alike. This report provides estimates of the costs associated with bank resolutions -both in terms of the expected costs that might arise, should a bank fail, (i.e. as "ex-post" costs), as well as the annualised cost associated with the likelihood that a solvent bank might fail (i.e. as "ex-ante" costs).
Besides assessing the magnitude of these costs, this report also provides estimates of the share of resolution costs that would be borne by bank creditors and taxpayers. Taxpayers are expected to be concerned only if implicit government guarantees are perceived to be material.
There are many ways in which these cost estimates could be produced. The present report uses two different estimation strategies. The first approach uses cross-sectional information for some specific years and is based on the binomial options pricing model, as applied by Snethlage (2015) to systemically important banks in New Zealand. The second approach uses contingent claim analysis to draw inferences from financial market data available at relatively high frequency, measuring the risk and costs associated with bank failures over time. In this report, the contingent claim analysis has been applied by the Swedish National Debt Office to produce estimates for large Swedish banks that are presented as a case study. A third approach, based on the European Commission's SYMBOL model, is applied to European banks in the companion article "Reducing and sharing the burden of bank failures" (Cariboni et al., 2016) .
The results in the present report are based on a sample of 212 large and medium-sized banks based in 25 OECD countries across the years 2008-14. The main findings are as follows:
• Expected resolution costs (ex-post costs) for all banks in the sample have averaged at just over 7% of GDP over the sample period. However, this measure dropped to 6% of GDP as at 2014 due to higher average capital ratios and a lower level of bank liabilities as a percentage of GDP.
• The annualised value of these expected resolution costs (ex-ante costs) increased sharply after 2008, reaching a peak of 0.24% of GDP in 2012. While this measure has since subsided, it remains well above its 2008 level.
• Estimated implicit guarantees rose significantly between 2008 and 2009, reflecting increases in the risk of bank failure and the likelihood of government support. Total implicit guarantees are estimated at 0.15% of sample countries' GDP as at 2014, below the estimated peak of 0.18% of GDP in 2012.
• Taxpayers, as opposed to bank creditor, estimated exposures to bank resolution costs (implicit contingent liabilities) have declined steadily since 2009 to around 4% of GDP, but continue to represent over half of the total exposure to estimated resolution costs for banks in the sample.
Overall, the estimates produced in this report support the notion that recent financial sector reforms have had an impact on reducing the costs associated with bank failure, including the expected costs to taxpayers. However, estimates are in most cases yet to return to pre-crisis levels. We would expect these indicators to continue to improve as reforms bed in and crisis-affected economies continue to recover, though continued monitoring of these measures would help verify whether this will be the case.
I. Introduction
Events over recent years have illustrated that systemic banking failures can entail substantial fiscal costs and that the expectation of government support creates distortionary implicit guarantees for systemically important banks.
In response, the regulatory reform agenda has focussed on reducing taxpayers' exposure to the costs of banking failures, and on reducing implicit guarantees of bank debt.
The policy rationale for transferring bank failure risk to creditors is well established.
Among other things, the use of bail-outs as opposed to bail-ins, reinforce expectations that implicit guarantees exist, which in the case of bank debt can have severe adverse real economic costs (see e.g. Denk et al, 2015) . Providing a viable alternative to bail-outs also help to reduce implicit contingent liabilities on sovereign balance sheets.
It is important to realise though, that the reduction or elimination of implicit guarantees does not eliminate the direct costs associated with bank failure (see also especially the companion report "Reducing and sharing the burden of bank failures", Cariboni et al., 2016) . Regardless of how banks are resolved, bank failures will entail a cost that must be borne by somebody. Bail-in tools developed in recent years aim at ensuring that creditors -not taxpayers -are liable for the cost of resolving failed banks. They transfer risk, but do not eliminate it.
The present report is motivated by an interest in understanding both the magnitude and the incidence of the various costs and risks associated with bank failure and in monitoring how they evolve over time as regulatory reforms are designed and gradually implemented. The report presents estimates of these quantities from two different estimation strategies. The first approach uses cross-sectional information for some specific years and is based on the binomial options pricing model, as applied by Snethlage (2015) to systemically important banks in New Zealand. The second approach uses contingent claim analysis to draw inferences from financial market data available at relatively high frequency, measuring the risk and costs associated with bank failures over time. In particular, the contingent claim analysis is applied to Sweden as a case study. The advantage of using two different strategies to track estimates of the magnitude of bank failure resolution costs over time is that the results obtained will be less dependent on the strengths and weaknesses of any particular model. When looking at the expected incidence of bank failure resolution costs between taxpayers and bank creditors, the report bases its estimates on publically available information contained in bank credit ratings. However, it is acknowledged that the likelihood of taxpayer support for a given bank in a given jurisdiction is highly uncertain and subjective, and that communication of estimates is challenging. 1 Accordingly, the estimates discussed here should not be seen as official estimates and judgements around the size of implicit guarantees. If realised, any pay-outs from contingent liabilities are the responsibility of individual jurisdictions to make.
The results presented here complement the companion report (Cariboni et al., 2016) results regarding simulated government contingent liabilities arising from the banking sector via the SYMBOL model, a well-established tool applied by the European Commission to prepare quantitative analyses supporting the preparation of the Commission's legislative initiatives. While SYMBOL is used in particular to estimate ex-post costs of a potential banking crisis and the impact of alternative regulatory settings in EU member countries, the present note considers a geographically wider set of countries and places a sharp focus on the evolution over time of the distribution of bank failure costs between taxpayers and bank creditors based on estimates of implicit bank debt guarantees.
Estimates presented in the present report have several valuable uses for policymakers.
Firstly, they allow one to assess the impact of recent regulatory reforms in terms of the reduction in the failure risk and implicit/explicit guarantees associated with systemic banks, as perceived by market participants. Secondly, they provide a basis for analysing the potential impacts of bail-in in terms of expected losses for bank creditors as well as bank funding costs. They also provide an indication of the size of any implicit guarantees and contingent liabilities that may remain on government balance sheets should a particular country deem that bank bail-outs remain a possibility.
The remainder of this report is structured as follows. Section II presents the conceptual framework that is used in considering the cost and incidence of the risks associated with systemic bank failure. Section III describes the data set used for the analysis presented in the report. Section IV presents estimates of the cost and incidence measures across the years 2008-14, and discusses how these estimates have evolved over this period. Section V introduces the conceptual framework of the contingent claim approach and shows alternative resolution cost estimates for the case of Sweden during the period 2006-15. Finally, Section VI provides some concluding remarks.
II. Conceptual framework
Building on Snethlage (2015) , the present report utilises the definitions below to conceptualise the various costs and risks associated with bank failure. At the outset, it should be noted that these concepts only relate to the direct financial costs and risks, as opposed to the broader economic externalities that are often associated with systemic banking crises, such as the cumulative output loss attributable to banking sector distress.
Cost measures
There are two general ways to place a "cost" measure on the risk associated with bank failure: as an ex-post cost, or as an ex-ante cost. These terms can be defined as follows.
Ex-post costs
The ex-post cost of bank failure is a measure of total resolution costs. It can be defined as the direct financial cost for resolving a bank after it has failed. In other words, ex-post is equivalent to the immediate cost that would be required to return an insolvent bank to the point where it is solvent again, in that the market value of its assets is at least equal to its total liabilities (i.e. a zero net-asset position). In this case, the bank's assets will be just sufficient to ensure that the bank could meet all of its financial obligations as they fell due, provided it could access the necessary liquidity in the interim. It is useful to distinguish between bail-in and bail-out.
If a failed bank is resolved through a bail-in of bank creditors, the ex-post cost is equivalent to the total value of debt that is written down or written off, less the fair value of any equity that is received in exchange for bailed-in debt. The ex-post cost may also include pay-outs made by deposit guarantee schemes, resolution funds, or national treasuries that involve losses being borne on behalf of creditors.
If a bank is resolved through a bail-out, the ex-post cost is equivalent to the total amount of equity capital provided less the fair value of this equity at the point of bail-out.
In reality, this fair value will be very difficult to assess, even if equity is subsequently sold off. 2 However, this definition of cost presents a theoretical value of the cost to taxpayer of bailing out a failed bank.
For the large part, the ex-post cost of bank failure is the same regardless of whether a bank is resolved through bail-out or bail-in. However, this assumes that choice of resolution tool does not affect the size of the total losses faced by the bank. Both bail-out and bail-in may, in certain circumstances, have different effects on financial markets, other financial institutions, and broader economic activity. This, in turn, may affect the extent of losses faced by the failed bank and therefore the ex-post cost of its failure.
Ex-ante costs
Bank failures do not occur often but with some regularity throughout modern banking.
As such, the ex-post measure defined above is a relatively poor measure of the amount of risk that exists outside of banking crises. However, even if a bank does not fail in a given period, this does not mean that there was no risk ex-ante that a bank might have failed in that period. This financial risk -like any financial risk -has an associated financial cost to whoever bears the risk. So even if failure does not end up occurring in a given period, there was risk -and therefore a cost -that was borne by somebody (either explicitly or implicitly).
The ex-ante cost of bank failure refers to the amount of financial risk associated with the fact that a bank might fail in a given 12-month period. In other words, it represents the value of a bank's expected ex-post cost defined above that is adjusted for the risk-adjusted probability of bank failure occurring in that 12-month period.
In theory, the financial risk associated with bank failure is borne by a bank's unsecured creditors, who bear the ex-ante cost of that bank's failure. To be willing to bear this risk, creditors are in turn compensated through a yield or interest rate on their investment in the bank that is higher than what they would expect to receive on an equivalent risk-free investment. As such, the ex-ante cost is effectively transferred back to the bank through a higher funding cost that reflects the risk that the bank may fail in a given period. Even then, banks may pass much of this cost onto borrowers through marginally higher interest rates on lending.
The situation where the ex-ante cost of bank failure is borne by banks and their borrowers can be seen as desirable, as it acts to mitigate moral hazard. This is because those who create (deliberately or inadvertently) risk in the banking sector also face the cost of the risk that they create. It is well established that the avoidance of moral hazard helps promote the soundness and efficiency of the banking system.
Incidence measures
The cost measures defined above do not attempt to reflect the incidence of the risk of bank failure across taxpayers and bank creditors. We define "implicit contingent liability"
and, "implicit guarantee" to represent taxpayers' share of the ex-post and ex-ante costs, respectively.
Implicit contingent liability
The implicit contingent liability associated with the failure of a given systemic bank refers to the implicit risk to sovereign balance sheet that crystallises in the event that governments choose to provide extraordinary public support to a failed or failing bank.
3
Payments made by industry-funded resolution funds or deposit insurance schemes are not considered to be part of this implicit contingent liability given that they represent explicit exposures, and that costs are, in the first instance, borne by industry, over time.
4
The expected size of this contingent liability can be thought of as the expected fiscal cost of a systemic bank failure, should a bank fail. In other words, this cost represents the portion of ex-post cost that governments would expect to bear, on average, in the event of a bank's failure. As such, the size of the fiscal contingent liability is some percentage (between 0% and 100%) of the total ex-post cost of bank failure.
Implicit guarantee
Historically, systemic banks have often benefited from implicit government guarantees.
When there is an implicit guarantee for a systemically important bank, sovereign balance sheets are seen as effectively bearing the financial risk of that bank's failure on behalf of that bank's creditors. As such, the implicit guarantee can be thought of as some percentage (between 0% and 100%) of the ex-ante costs of bank failure that is borne (implicitly) by taxpayers instead of investors. Alternatively, the implicit guarantee can be thought of as the ex-ante value of the fiscal contingent liability defined above. In either case, the implicit guarantee measures taxpayers' implicit share of the financial risk of bank failure.
Because implicit guarantees reduce creditors' exposure to risk, they reduce the compensation that creditors require on their investments, resulting in an implicit taxpayer subsidy for systemic banks. This bank's funding cost does not fully reflect the level of risk banks take and may encourage greater risk taking that would be the case without implicit guarantees. It may also provide a competitive advantage for those banks deemed to be implicitly guaranteed, as earlier work by the OECD Committee on Financial Markets (CMF) concluded.
It is now well-established that implicit guarantees can result in an implicit subsidy for banks on their cost of funding. The distinction between the two measures is that the implicit guarantee reflects the implicit cost to taxpayers, whereas the implicit subsidy reflects the benefit this implicit guarantee brings to banks. So while the size of this implicit subsidy and the size of the underlying implicit guarantee are closely related, they need not be the same. For example, if an implicit guarantee results in credit rating uplifts, this may offer banks additional funding cost benefits than what can directly be attributable to the credit risk borne implicitly by taxpayers.
III. Data and methodology
The first approach adopted in this paper uses a sample of 212 OECD-based banks (see Annex A1). Data on bank balance sheets and credit ratings are collected from Bankscope (where data was not available through Bankscope, it was collected from individual bank financial statements) at year-end dates in the 2008-14 period. The range of dates implies that estimates would be available, broadly speaking, before (the peak of) the global financial crisis, around its peak and also for a more recent period when data should already reflect most of the effects of the bank regulatory reform. The estimates are generated using an adaptation of the binomial options pricing model of Cox, Ross, and Rubenstein (1979) , where the risk of bank failure is seen as analogous to that under a financial option on a bank's assets that pays off if the bank becomes insolvent. Following Snethlage (2015) , this enables the various cost concepts to be estimated as follows: 6 E(ex-post cost) = E(loss-given-default) × total liabilities
(1)
Ex-ante cost = E(ex-post cost) × risk-neutral probability of failure (2) Implicit contingent liability = E(ex-post cost) × probability of bail-out
Implicit guarantee = ex-ante cost × probability of bail-out (4) Cost estimates are firstly calculated on a per-bank basis, and then aggregated across banks for a given country. Country-level estimates expressed as a percentage of domestic GDP are summarised in Annex A3. 7 These estimates are then averaged across countries both on a GDP-weighted and an evenly-weighted basis for reference.
IV. Cost estimates

Expected ex-post costs
The expected ex-post costs for the banks in the sample are estimated by multiplying each bank's total liabilities by an estimate of the loss-given-default (LGD) that bank is expected to face in resolution. The expected loss rate for a given bank is not directly observable, so it is necessary to develop an approach to estimate a banks' LGD based on bank characteristics. The first approach used in this report is summarised in Box 1 and discussed in details in Annex A2. The contingent claim approach is addressed in Section V with a technical summary in Annex A4.
Estimates of expected ex-post costs according to the first approach are presented in Figure 3 below. These costs have stayed relatively constant across the sample period, given that expected loss rates given failure, and bank liabilities as a percentage of GDP have stayed relatively steady over the sample period. However, general increases in bank capital ratios and reductions in the size of major banks across European countries in particular have contributed to a noticeable decline in those expected resolution costs in recent years.
Ex-ante costs
To measure the level of risk associated with the likelihood of banks failing in a given period, we estimate ex-ante costs by multiplying expected ex-post cost for a given bank by that bank's risk-neutral probability of failure (RNPF). 8 Using RNPFs accounts firstly for the likelihood of that bank failing. It also accounts for risk aversion, reflecting the tendency for bank failures to coincide with downturns in markets and broader economic activity.
Because the risk of bank failure entails a degree of systematic risk (i.e. non-diversifiable risk), the risk of bank failure "costs" more to society than expected losses alone. It is therefore important to adjust for this systematic risk when estimating the ex-ante costs associated with bank failure. For this reason, this paper uses RNPFs to account for this systematic/non-diversifiable risk. The methodology used to estimate these RNPFs across credit ratings, and across the sample period, is summarised in Box 2. In the contingent claim approach, RNPFs are derived endogenously and therefore does not need to be estimated outside the model. We will return to this later in the report.
Box 1. Estimating bank-specific expected loss rates 1
To provide a systematic basis for estimating LGDs for OECD-headquartered banks, this paper draws on both historical loss rates for failed banks (a backward-looking view), and credit spreads based on bank bond prices (a forward-looking view). A more in-depth discussion of this information is presented in Annex A2. For the purpose of this paper, bank-specific LGDs are estimated using the following specification:
In basic terms this specification means that, the larger the bank is, and the higher the bank's capital ratio, the lower the loss rate for a given bank is expected to be as a percentage of total assets. Larger banks are generally expected to face lower loss rates given greater diversification geographically and across exposures and business lines. Banks that are better capitalised are also expected to face lower loss rates given that, for any given shock, there is more capital available to absorb losses (though the impact of debt is largely reflected in the probability of failure as opposed to the cost of failure if failure occurs). Unfortunately, we were not able to identify a specification that could account for structural differences in the riskiness of bank assets across banks and across countries.
Figure 2. Estimates of LGDs from recent bank resolutions
Source: Authors' calculations.
As illustrated in Figure 2 , the specification above appears to provide a reasonable fit for the loss rates experienced in recent notable bank failures. However, the cases of Anglo-Irish Bank and Bank of Cyprus 2 highlight that even if expected LGDs are relatively low, the actual losses experienced can be much higher in particularly severe failure scenarios.
The negative relationship between size and
LGDs implies that mergers between banks would ceteris paribus reduce the estimated ex-post costs. However, this does not account for impact that higher banking sector concentration could have on the indirect costs of bank failure to the broader economy and financial system as well as the effect on risk-taking by larger banks that tend to benefit from more substantial implicit guarantees. Greater risk-taking might not only affect the probability of default but also the LGD. Despite these shortcomings of the approach adopted here, we believe that it provides a somewhat more realistic description of LGD in practise than the standard approach of just assuming a fixed rate of LGD. 2. Note by Turkey: The information in this document with reference to "Cyprus" relates to the southern part of the Island. There is no single authority representing both Turkish and Greek Cypriot people on the Island. Turkey recognises the Turkish Republic of Northern Cyprus (TRNC). Until a lasting and equitable solution is found within the context of the United Nations, Turkey shall preserve its position concerning the "Cyprus issue".
Note by all the European Union Member States of the OECD and the European Union:
The Republic of Cyprus is recognised by all members of the United Nations with the exception of Turkey. The information in this document relates to the area under the effective control of the Government of the Republic of Cyprus. is largely attributable to a reduction in expected resolution costs, though a reduction in the probability of failure reflected in improving bank credit ratings was also a factor. 
Implicit guarantees
Implicit guarantees can be thought as the share of the ex-ante costs of bank failure that governments bear on behalf of banks and their creditors. Translating ex-ante cost estimates into implicit guarantee estimates therefore requires an adjustment for the expected
Box 2. Estimating bank-specific risk-neutral default probabilities
To estimate a bank's risk-neutral probability of failure (RNPF) in a given period, we map their standalone credit rating against the estimates of risk-neutral default probabilities in Hull, Predescu, and White (2005) . These estimates were produced based on the basic intuition that the spread between the yield of a corporate bond and a risk-free security with similar maturity and liquidity represents the market's assessment of the credit risk associated with that bond. This credit risk can be broken down into two components: the bond's probability of default, and the bond's expected loss-given-default. Because of investors' aversion to systematic risk, the probability of default built into bond prices is analogous to the RNPF defined above. Standalone credit ratings are used given that we are interested in the implied probability of failure, which may be higher than the implied probability of default in the case of expectations of extraordinary government support.
The RNPFs used in this paper are presented in Figure 5 below. Note that this analysis assumes a fixed relationship between credit ratings and RNPFs. Using a time-varying relationship would see estimated RNPFs fluctuate over time with market sentiment, but may not provide as accurate an estimate of the level of long-term risk. These probabilities are based on data between 1970 and 2003. To test their applicability, we estimate RNPFs over the period July 2010 to June 2015 using Bloomberg composite indices for liquid US dollar corporate bonds across AAA, AA, A, BBB, BB, and B credit ratings. On a monthly basis, we take the spread between five-year index rate and the fiveyear US dollar swap rate. We then divide this spread by the 60% rule-of-thumb LGD for corporate bonds to estimate a monthly RNPF for each credit rating. Averaging these monthly across the sample yields very similar RNPF estimates to those produced by Hull et al. We therefore consider the Hull et al. probabilities to be suitable for the purposes of the present analysis. probability of extraordinary taxpayer support to prevent unsecured creditors bearing losses in the event of a bank's failure (i.e. the probability of bail-out).
The probability of a given bank being bailed out cannot be directly observed. In reality it is highly uncertain what actions future governments will take in a crisis. The present paper does not attempt to make a subjective judgement around the likelihood of bailout for given banks in given jurisdictions. Instead, we follow Snethlage (2015) in backing out an implied probability of bail-out from the credit rating uplifts banks receive for the likelihood of government support in the event of their failure. This methodology is summarised in Box 3.
Box 3. Estimating bank-specific probability of bail-out
The likelihood of taxpayer support for banks is extremely subjective and highly uncertain. However, it is now well-established that bank credit ratings can provide useful information about the level of (perceived) implicit government support for banks (see, for example, Haldane, 2010; Schich and Lindh, 2012) . This situation reflects the observation that credit rating agencies factor in the likelihood of government support into corporate credit ratings, and provide ratings uplifts to those banks for which government support is considered likely.
Bank credit rating uplifts are calculated for each bank in the sample as the number of notches between a bank's standalone credit profile and a bank's long-term issuer rating (where this is not available, we use senior unsecured debt ratings. If this is not available, we use long-term foreign currency deposit ratings). If data is unavailable, or if standalone ratings are higher than long-term issuer ratings, ratings uplift is set to zero.
To translate ratings' uplifts into estimated bail-out probabilities, this paper uses the relationship from Snethlage (2015) , which is presented in the chart below. These probabilities are based on the ratio between the implied probability of failure (based on standalone credit ratings) and the implied probability of default (based on "all-in" credit ratings). In general, changes in implicit guarantees under this methodology are driven by four factors:
• Probability of government support (p(bail-out) ) -if governments are seen as more supportive of banks (e.g. due to past actions to support banks), this increases banks' credit ratings uplifts and therefore the estimates of implicit guarantees. Similarly, if governments are seen as less likely to bail-out banks (e.g. due to a reduction in sovereign creditworthiness, or announcements around bail-in policies), ratings uplifts and estimated implicit guarantees will decrease.
• Risk-neutral probability of failure (RNPF) -if the risk-adjusted likelihood of bank failure increases, so too does the present value of potential government support and therefore the estimated size of implicit guarantees.
• Loss-given-default (LGD) -if banks expected loss rates in insolvency increase (e.g. due to falling capital ratios or shrinking balance sheets), so too does the expected cost of bank resolution and therefore the estimated size of implicit guarantees.
• 
Implicit contingent liabilities
The implicit guarantee estimates presented above give an indication of the risk that taxpayers bear outside of crises (i.e. ex-ante). However, they provide a relatively poor indication of the cost to taxpayers that may actually result in the event of bank failure because of the large upfront costs associated with bank bail-outs. Measures of the implicit contingent liability provide a better indication of the gross exposure to taxpayers. For a given bank, this gross exposure can be thought as the expected cost to taxpayers in the event of that bank's failure. In practice, this can be calculated by multiplying the expected ex-post costs estimates by the assumed probability of bail-out for that bank.
Estimates of implicit contingent liabilities aggregated across our sample OECD banks are presented in Figure 9 . These estimates relate closely to the expected resolution costs discussed earlier. In general, the expected cost to taxpayers resulting from implicit guarantees has not been as volatile as the risk to taxpayers. However, we do see that attempts to reduce the need for government support of failed or failing banks have helped reduce taxpayers risk exposure since its peak during the global financial crisis. This section draws on results from an alternative estimation approach, the so-called "contingent claim approach", using a subset of the data considered in the first approach. 12
The contingent claim approach uses information contained in financial market prices. 13 The use of financial market price data conveys a number of attractive features. Market prices reflect the aggregate expectations of actual investors in the market and, at least for larger banks, they are almost continuously available. Thus, they can provide a timely and forward-looking measure of risks. In addition to that, if considering this approach, the probability of bank failure, as well as the ex-post cost of bank failure, are derived endogenously and do not need to be estimated outside the model. 14 Besides, under this approach, the definition of bank failure is explicit, that is a bank fails when the market value of its assets falls below a critical threshold. 15 Like in the binomial approach -the first approach presented in this report, the ex-ante cost of bank failures is computed through multiplying the probability of bank failure by the loss that the bank would make if failure were to occur. Although the market value of bank assets is not directly observable, it can be derived from the equity value, whereas the uncertainty surrounding the asset values can be computed from the volatility of equity.
Data on the market value of bank equity and its volatility are readily available for most of the OECD countries.
An application of the contingent claim approach to the Swedish bank sector
The contingent claim approach is applied to Sweden as a complement to the binomial approach used before. The contingent claim approach requires equity values and equity volatility data, which are available at daily frequency. 16 Sweden is a good example also because its banking sector is large as a share of GDP, thus making a banking failure potentially very costly; although the banking sector is well capitalised by international standards. It is worth noticing that the results shown here may not fully reflect the impact of the regulatory reforms that were launched in the wake of the global financial crisis to limit resolution costs and implicit bank guarantees. 
Ex-ante costs
The ex-post cost is the total amount of the loss incurred by the banking sector, if the whole sector fails with certainty. The overall implied ex-ante cost is calculated for each bank by multiplying the probability of failure by the loss that the bank would come about if it fails (i.e., the ex-post cost) and then aggregating the individual ex-ante costs across banks.
It is assumed here, following standard practise in contingent-claims applications, that a bank fails when the value of its assets does not meet the amount of debt owed to its creditors at maturity. The evaluation of bank future assets requires the estimation of asset volatility, which is done by using the volatility of the bank equity options and a scaling factor, which takes the bank leverage into account. One distinct advantage of using option prices is that they incorporate information about investors' views on future development of the bank value. For example, an increase in equity volatility means that the investors view a bank failure more likely to happen in the next 12-month period and, as a result, the estimated ex-ante cost increases. 19 The nature of options imply that the cost measures derived from their prices under the contingent claims approach are sensitive to near-term changes in the perceived risk of failure. Particularly at times of impending stress, the estimated cost measure might provide a timely signal of heightened risk that Although the turbulence in international financial markets has rekindled in recent months, the ex-ante cost has remained stable and is currently at a very low level. This is likely due to two main factors: i) the impact of a very expansionary monetary policy; ii) larger bank liquidity and capital buffers. Both factors tend to diminish the investor's perceived likelihood that the bank will fail in the near term. Notwithstanding, the currently observed low level of the ex-ante cost can also reflect the announcement of the new resolution regulation.
The ex-ante and ex-post costs of bank failure might be considered and used as reference values for determining the level of total (i.e. not risk-weighed) bail-inable debt. The ex-post cost is the total expected loss that bank creditors may have to sustain in the event of a bank failure. Under these circumstances, it can be seen as a reference for the upper bound of the total bail-inable debt that a bank could be asked to hold. The ex-ante cost is the total expected loss that bank creditors would suffer if a bank fails, weighed by the probability of that bank failing. In this perspective, it can be thought of as a minimum level of the total bail-inable debt a bank should hold. Consequently, the reference value for the total bailinable buffer can be set between the ex-ante and ex-post cost, weighing in different aspects, such as balancing the benefits of holding a higher buffer against the costs associated with that buffer. Some practical issues and difficulties regarding bail-in are also discussed in the companion report (Cariboni et al., 2016) . Figure 11 . Estimates of the ex-ante cost for Sweden
As a percentage of GDP, 2005-15
Source: Authors' calculations. 
Comparing the results of the two approaches for the Swedish banking sector
For the ex-ante cost, the forward looking nature of the contingent claim approach means that it can be used as an early warning indicator. Thus, signalling rising risks ahead of financial turbulence, although the signal may become noisy from time to time. By contrast, the binomial approach is more stable or slower-moving over time and it does not reflect information about future developments of bank risks and resolution costs in a timely manner. In addition to that, it may not completely account for country heterogeneities that can be significant during periods of financial stress.
Despite the methodological differences, the results derived from the binomial and the contingent claim approach are qualitatively similar. Both approaches show that the expected ex-post resolution costs of the Swedish banks have fallen from the peak of the global financial crisis and that the ex-ante costs are currently at a low but somewhat higher level than that observed before the period of the global financial crisis in the years 2008-10 (see Figure 12 ).
Compared to the contingent claim approach, the ex-post estimates from the binomial approach are higher, whereas the ex-ante cost has remained fairly unchanged throughout the sample period. While these differences may be informative, they should not be overinterpreted, since they partly reflect the different features of the two approaches. The approaches should be viewed as being complementary, as their joint application allows one to give a better understanding and a more comprehensive picture of how bank resolution costs can evolve over time.
Undoubtedly, having more than just one model brings out a wider range of features than each single approach can provide by itself. As for Sweden, the comparison of estimates from the two approaches can easily be provided. The same type of comparison can be done for most OECD countries.
VI. Discussion at the CMF meeting and concluding remarks
Estimates of potential systemic bank failure costs and their associated fiscal liabilities are useful for policy makers that need to monitor, prevent and manage potential financial Furthermore, they can be pivotal for evaluating the transparency of policy institutions.
There is, however, no single best measure of systemic bank failure costs, as earlier discussions by the OECD Committee on Financial Markets (CMF) had already concluded. In fact, it is exactly that insight which motivated CMF delegates to suggest the Secretariat explores alternatives to empirical measures of the value of implicit guarantees, broadening the perspective by including the public finance dimension.
The two approaches described in this report provide different measures of resolution costs and they well complement each other by bringing out different perspectives on how risk may unfold. Both approaches are structural models, developed as part of the wellknown and widely used stream of option-pricing techniques. The companion report (Cariboni et al., 2016) issue. Yet far more needs to be done to fully understand the possible impact on market behaviour and incentives. The CMF finally suggested follow-up work on how the results of this report could be communicated and used in day-to-day policy.
Notes
1. The relevance of this observation has been underscored by interventions from delegates to the OECD Committee on Financial Markets (CMF) in previous discussions on the broader subject area.
2. This is because the fair value of equity will be equal to the present value of any dividends paid and proceeds arising from the sale of equity. Determining the fair risk-adjusted discount rate to compute this present value is far from straightforward.
3. This could include support through capital injections, asset purchases and/or debt guarantees.
4. There is a risk that taxpayers will ultimately be liable for some of this cost should industry funding be insufficient. However, we do not attempt to quantify such risks as part of the implicit contingent liability measure.
5. It should be noted that the comparability of results for different dates is complicated where the sample of banks available in different years is changing due to failures and/or mergers.
6. The implicit contingent liability and implicit guarantee estimates assume that no costs would be met by deposit insurance funds or resolution funds in the event of a taxpayer-funded bail-out.
7. GDP data is collected from the OECD Economic Outlook database.
8. Note that we differentiate between a bank's probability of failure and their probability of default given that failure can occur without a bank defaulting should the government intervene by bailingout or putting a bank in resolution.
9. The results found here are similar to those in Arslanalp and Liao (2015) , who use a similar methodology to estimate the fiscal contingent liabilities arising from implicit guarantees.
10. Earlier OECD discussions on the topic concluded that in some countries part of the decline in the estimated value of implicit bank debt guarantees reflected a deterioration of the strength of the sovereign seen as providing the guarantee. This interpretation is consistent with recent theoretical work that explains how the value of a bank debt guarantee depends on the strength and size of both the bank and the guarantor (Estrella and Schich, 2015) .
11. The views expressed in this section do not necessarily reflect the official views of the Swedish National Debt Office.
12. This section uses data for the four largest Swedish banks and results are presented as a case study. Balance sheet data are at consolidated level.
13. There are various reasonable alternatives for estimating resolution costs. For the Swedish case, besides from being suitable from an analytical perspective, an important reason for choosing this specific method considered here is that it has been applied before by several international institutions to the case of the Swedish banking sector, including the IMF, e.g. in its Financial Stability Assessment Program in 2012 (see IMF Sweden Country Report 2012).
14. See, for example, IMF (2014).
15. The methodological details of this approach are presented in Annex A4. As regards the critical threshold, a common approach is to set it equal to the value of the short-term plus 50 per cent of long -term borrowing (see e.g. IMF (2014) and Moody's KMV). Other approaches include Noss and Sowerbutt (2012) , who choose the level of the minimum capital requirement as the critical threshold. Alternatively, one could also choose the level of TLAC as critical threshold.
16. Together with the equity values and volatility of equity, the contingent claim approach uses bank liabilities from balance sheet data as an input.
17. This section uses data for the four largest Swedish banks and results are presented as a case study. Balance sheet data are at consolidated level. It should be noted that the estimates in this section do not reflect the implementation of the EU Bank Recovery and Resolution Directive (BRRD) which, in Sweden, will enter into force in February 2016 and whose aim is to reduce bank implicit guarantees. For this reason, this section provides an estimate of the ex-ante and ex-post costs as defined previously in the report, and it does not attempt to estimate implicit guarantees or implicit contingent liabilities.
18. The ex-ante and ex-post cost are computed on a five year horizon.
19. When option prices are not available, an alternative is to use the historical equity prices.
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ANNEX A1
The sample of banks
The sample of banks was chosen as follows. The starting point was the sample of banks considered in Schich and Lindh (2012) , which was then extended to include additional countries (Australia, Canada, Japan, Korea, Mexico, New Zealand, United States) and banks considered in EC (2014).* Banks were retained in the final sample as long as two conditions were fulfilled. First, that balance sheet and credit rating data were available for the full sample period (for example, data was not fully available for Banco Pastor, Agricultural Bank of Greece, Cajamar Caja Rural Sociedad Cooperativa de Crédito, Banco
Español de Crédito SA). Second, when more than one bank from the same group was present in the sample, only the headquarter bank was retained. Exceptions were made when an overseas subsidiary of the banking group held over 10% of banking assets in a country at some point in the sample period. Subsidiaries included in this exception are marked with an asterisk in the table below.
The banks in the final sample are presented in Table A1 .1. The sample consists of 212 banks for 25 countries, with at least four banks for each country apart from Luxembourg (with two banks) and Finland (with three banks).
* The authors are grateful for excellent data assistance from Oana Toader. 
ANNEX A2
Estimating bank-specific loss-given-default
Expected loss-given-default (LGD) for a given bank is inherently subjective and cannot be directly observed. In computing our estimates of bank resolution costs we draw on three key sources of information around the loss rates of failed banks.
FDIC resolutions
The United States Federal Deposit Insurance Corporation (FDIC) has resolved almost 3 000 failed instituions since 1980. On average, these tend to be smaller institutions, with less than USD 1 billion in total assets. However, the number of such failures provides a useful sample for assessing determinants of bank loss rates. (Table A2 .1). Other measures of solvency, asset quality, business model, and business growth also proved to be significant indicators, although at lower degrees of economic significance.
A more recent study by Balla, Prescott, and Walter (2015) also shows a strong negative relationship between size and FDIC loss rates, with estimated coefficients of -0.02 for the 1986-1992 and -0.04 for the 2007-13 peiod (both of which are significant at the 1% level).
Other significant explanatory variables include interest receivable and the ratio of on-call an insured deposits to total deposits. EUR 91 billion Conversion of EUR 1.3 billion in junior debt into equity, and a EUR 4.9 billion equity injection from the state.
7.4
The results from applying a basic regression analysis to this sample of 11 bank failures are summarised in Table A2 .3. Again, size is a key determinant of loss rate, and is statistically significant despite the small sample size. The results also suggest that a 1% increase in equity as a percentage of total assets reduces expected losses by approximately 1%. While this is a fairly intuitive result, it lacks statistical significance.
Bank bond prices
The return that bondholders require for holding bank debt is likely to reflect, in part, the expected loss rate that bondholders might expect to face in resolution. Bond prices can therefore provide an additional source of information about expected loss rates.
To generate market-based estimates of expected loss rates, we compile a sample of 219 unsecured senior bank bonds across 36 banks headquartered in OECD countries. Bonds used in the sample are limited to those that are fixed-coupon "bullet" bonds, with a remaining maturity of 4-6 years, and denominated in Euros or US dollars. For each bond, we first take the spread between the mid-yield price and the relevant point on the swap curve for the respective currency. We then divide this spread by the risk-neutral probability of failure (RNPF) that corresponds with the bond's credit rating (based on the relationship in Hull et al, 2005) to generate an implied LGD for each bond.*
In order to estimate the expected LGD for a given bank, we average the implied LGD across the bonds issued by that bank. We then multiply this average LGD by the ratio of the bank's long-term market funding to total liabilities based on data from Bankscope. This reflects an expectation that in resolution, these liabilities are likely to bear a large part of the cost, given the preference for depositors that exists in most OECD jurisdictions, and the ability of shorter-term funding to withdraw from the bank prior to its failure.
To test the determinants of bond-based LGD estimates, we run a basic regression of implied LGDs against size, capitalization, and credit ratings. The results summarised in Table A2 .4. show similar statistical relationships to those discussed above. However, the coefficients lack statistical significance given the large degree of "noise" in the sample.
The bond price analysis provides a useful "sense check" to the estimates modelled based on empirical analyses. However, the accuracy of this method is limited by several factors. Firstly, it is impossible to know with certainty the RNPF that is being priced into bank bond yields. Even if credit-rating based estimates are unbiased on average, a given bank may be seen as more likely or less likely to default than what is implied by its credit rating alone. Secondly, fundamental credit is unlikely to be the only driver of bond prices, as other bank-specific or bond-specific risk premiums and liquidity premiums are likely to * In doing so, we assume that expectations of extraordinary government support affect the probability of default but not the loss-given-default.
be at play. Furthermore, bond prices may be relatively insensitive to a bank's funding structures if the likelihood of failure is seen a low (even though funding structure would affect loss rates should failure occur, they could evolve substantially prior to failure).
Approach used
To construct a single specification for producing resolution cost estimates, we start by taking the average estimated slope coefficients for log size and capital-to-asset ratios from the three regression analyses presented above. We then set the intercept value to minimise the average difference between modelled LGDs and "actual" from the recent bank failures presented in Table A2 .2. This results in the following:
In the few cases where data is unavailable for a given bank at a given point in time, the
LGD for that bank is set to 10% in line with the sample average. Furthermore, a minimum
LGD of 1% is applied to account for the possibilities of very low or even negative LGD estimates for banks with characteristics that are outside of the sample considered in the linear regression models described above.
Unfortunately, we were unable to include in the specifications characteristics that reflect the riskiness of a bank's assets. In practice, factors such as the "culture" of lending, the quality of the legal and insolvency system, and the state of the macroeconomic environment may influence LGDs. We believe that the simple estimations considered here to determine LGD are nonetheless a preferable approach to just assuming a fixed rate of
LGD, as is commonly done. Estimation results across countries 
The contingent claim approach
The contingent claim approach is a generalization of the option pricing theory pioneered by Black and Scholes (1973) and Merton (1974) , which applied to the analysis of credit risk is commonly referred to as the "Merton model". The contingent claim approach assumes that the total market value of assets, A, at any time t, is equal to the sum of equity market value, E, and its risky debt, D, maturing at time T. Asset value is a log-normal distributed random variable and can fall below a critical threshold, B, which constitutes the failure barrier. Commonly, the threshold is defined as the value of payment commitments at maturity T. When such a threshold is chosen, a bank fails if it is unable to honour its promised payments at T.
Equity is defined as a residual claim on assets once debt-holders are paid out.
Therefore, the firm's equity can be seen as an implicit call option on the firm's assets with an exercise price equal to B:
(1) where: and
The relationship between the volatility of equity  E and assets  A are described by the following equation:
Equity volatility can either be measured using the realised volatility of historical equity prices or using the implied volatility of traded equity options which is a more forward-looking measure. The market value of assets and its volatility are determined within the model by simultaneously solving equations (1) and (2). The ex-ante cost of failure for a given time horizon is equal to the value of a put option on the firm's assets A with the exercise price equal to B:
The probability of failure is given by: 
) (T t) T t )
Given the ex-ante cost and the probability of failure, the ex-post must be equal to the following:
Note that the specification in the basic model described above does not account for skewness and kurtosis of equity returns. These shortcomings of the Merton model can be addressed in several ways. In the analysis of the Swedish bank sector presented in the main text (Section V), this is done by using the observed volatility smile.
Ex-post cost(t, T ) = Ex-ante cost(t, T ) ( (T ) )
